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\ ABSTRACT
The H2 experiment was a camprehensive large scale study of the

relative merits of hamogeneous and heterogeneous sectioning modes for
the purpose of determining sectioning policy in core mathematics courses.
In Calculus II, 429 cadets were hamogeneously sectioned and 428 were
heterogeneously sectioned. Thirteen and twelve instructors were
respectively assigned to the hamogeneous and heterogeneous sections.
Cadets and instructors were assigned via stratified random procedures
and extrareous variables which could affect measured outcames were either
balanced or randomized in the design. Measured outocomes included math
achievement, fail rate, cadet outside study time, EI workload and
instructor opinion. Overall, no statistically significant mean
differences were attributable to sectioning mode.
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Chapter I
INTRODUCTION

Since the founding of the US Air Force Academy, cadets have been
sectioned hamogeneously according to aptitude in core mathematics
courses. In this procedure, a predictor variable which is related to

predictor variables are academic camposite score, placement test score
or score in the previous math course. The top n cadets in the rank order
are assigned to the "A" class section, the second n cadets to the "B"
class section and so on until all cadets are assigned. This practice
was inherited fram the US Military Academy and dates fram 1818.1
Hamogeneous sectioning is intended to accammodate a higher degree
of "instructional tailoring" to the specific needs of individual cadets
than is possible under other group-oriented instructional strategies.
When aptitude variance in the class section is minimized, a single pace
and level of presentation are presumed to be more appropriate for each
cadet. Historically, hamogeneous sectioning has also been used as a
behavioral incentive for improved performance. When hamogeneous

sectioning is uscd for this purpose, prestige is conferred on the highest
sections through introduction of advanced material, instruction from
high~ranking faculty or same other means. Assigrmment to a low section
is not prestigious and cadets are resectioned monthly or after every
graded review. The practice of resectioning during the course was
abandoned several years ago in core mathematics courses at the USAFA,
Homogeneous aptitude sectioning is well publicized as a positive
feature of the USAFA academic system. The hypothesis that hamogenecus
sectioning enriches the learning environment more than does random
(heterogeneous) sectioning has been accepted as an article of faith,
but at least in core mathematics, this hypothesis has not been empirically
verified. Same verifications have been attempted, but these have not
adequately tested the hypothesis urder sound experimental conditions.

1W.E. Simons, Liberal Education in the Service Academies, Teachers
College, Columbia University, 1965, p 41.

aptitude is used to rank order cadets prior to section assigmment. Examples of

2 .




Cadets were heterogeneously sectioned in Math 131 during the Fall
1977 and Fall 1978 semesteors as an incidental result of an educational

experiment on teaching strategies. For most math faculty, these two [
episodes provided the first opportunity to experience an altermative |
sectioning scheme in a large ocore mathematics course. Heterogeneous
sectioning made a favorable impression on several faculty members. 1In
their opinions, heterogeneous sectioning improved cadet interaction in

} the classroam, provided mathematically deficient cadets with successful
cadet role models, and eliminated the frustration of whole class sections
i of disinterested and mathematically deficient cadets. As a result, the
Math 132 course director requested permission to hets rogeneously section
cadets in that course in the Spring 1979 semester. To obtain facts on
the relative merits of homogeneous and heterogeneous sectioning, the
Acting DFMS Heal directed that an experimental camparison be conducted

in Math 132, the second core mathematics course, during the Spring 1979

semester., That comparison is described and results reported in this
document,

In Chapter II, the experimental design and methodology are outlined.
In Chapter III, analyses and results are discussed. Finally, in

Chapter IV, conclusions are drawn and outoomes sumarized. Unless
otherwise stated, results of statistical tests of hypotheses are
reported with a confidence coefficient of 0.95.
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Chapter II
DESIGN AND METHODOLOGY

In this chapter the experimental design used to campare hamogeneous
and heterogeneous modes of sectioning is described. Operational methods
used in conducting the experiment are also explained. The experiment
was conducted in Math 132, Calculus 1I, a three-unit every day course
in which all cadets who successfully completed Math 131 in the Fall 1978
semester were enrolled. The experiment was designed to satisfy several
criteria. One criterion was to control extraneous factors such as
instructor experience and cadet aptitude, which might mask any effects
of treatment. A second criterion was to abtain sufficient statistical
power in the experimental design to detect any differences in educational
or administrative outcomes caused by treatment which might be of practical
importance. A ili{.d criterion was to measure a sufficiontly broad range
of outcames such as Math 132 achievement, cadet study time, EI workload
and fail-rate to afford a camprehensive perspective of treatment effects.
Measured outcomes are called dependent variables throughout the report.
Mode of sectioning is called treatment with hamogeneous sectioning
constituting one level of treatment and heterogeneous sectioning
constituting another level. Factors such as cadet aptitude, instructor
experience and treatment which were controlled and analyzed for their
effects on measured outoomes are called independent variables. The
initial plan of the experiment is included as Appendix A.

Cadet Assignment to Treatment

To understand the assignment of cadets to treatment, it is first
necessary to understand the measure of "aptitude" used in the study.
This is an important point because equality of mean "aptitudes" was the
major criterion in assigmment of cadets to cells in the experimental
design. Cadet "aptitude" is really a convenient misnamer in this report.
The measure of aptitude used throughout this study was Math 131 percent
score although it is known that this score is affected by motivation and
other factors than aptitude. Math 131 percent score was the strongest

s e e -

B e e TR T

T e e o

ERT e,

TR O T AWy T e & P T ” = R = o
-~ b IR M T ST WU TR RE. . el UG . if

[Ty S




%

available predictor of Math 132 percent score having a correlation in
the total experimental population of 0.76,

Using the master scheduling algorithm maintained by the Department of
Curriculum and Scheduling, 856 cadets were assigned to Math 132 in class
period 1, 2, 3, 4, 5, 6, or 7. The mean aptitude of the cadets assigned in
each period of the day was camputed and the means were tested in a one-way F
analysis of variance (ANOVA) to determine whether they differed significantly
from period-to-period. They did not (see Tables Bl and B2, Appendix B).

Cadets in periods 2 and 6 werc then sectioned hanogeneously on
aptitude as described previously. Cadets in periods 3 and 4 were sectioned
heterogeneously according to the following procedure: {a) cadets were
initially rank ordered on aptitude as in hamogeneous sections; (b) the
first cadet in the rank order was assigned to section A, the second to B
and so on unti! ~nr cadet was assigned to each of the k sections in the
period; (c) the next k cadets were w.signed to sectionS in reverse order
so that the 2kth cadet was in the A section. Steps (b) and (c) were
repeated until all cadets were assigned. 1In each of periods 1, 5, and
7, half of the cadets were hamogeneously sectioned and half hetero-
geneously sectionad. The prooedure here was to initially rank order all
cadets assiqgned to the period on aptitude. 0dd nuwbered cadets in the
rank ordering were hamogeneously sectioned. FEven numbered cadets were
heterogeneously scctioned as described in {a),(b), and (¢} above.

The reason for the particular sectioning scheme was the hypothesis
that period of the day could itself affect cadet performance. Acoording
to this hypothesis, performance in periods 2, 3, 4 and 6 would be
similar but performance in periods 1, 5 and 7 would be systematically
different; lower in period 1 because cadets are not fully awake, lower
in period 5 because of drowsiness fram lunch, and higher in period 7
because on-season athletes are usually not assigned in that period. The

hypothesis was tested after the experiment in a one-way analysis of

covariance with aptitude as covariate and was rejected. No significant
differences in Math 132 percent score could be attributed to the effect
of period of the day (sce Tables Bl and B3, Appendix B).




Instructor Assignment to Treatment

The 25 Math 132 instructors were categorized as to experience level
and assigned to treatment in such a way as to balance instructor
experience in both treatments. Results of the assignment scheme are
shown in Table 1. Instructors did not cross treatments.

Table 1. Instructor Experience Breakdown

Experience Treatment?® Prior Teaching
Level Hamo Hetero Experience at AFA
1 4 3 None
2 4 3(1) s 2 years
3 4(1) 5 > 2 years

A urbers in parentheses indicate instructors who
participated in the experiment but left prior to
administration of the px«it-!reatment survey. These
instructors are not included in the instructor
opinion analysis but their students are included
in the achievement analysis.

In addition to experience level, instructor forces were also
balanced on treatment preference, number of rated instructors and number
of split-loaded instructors.

Methodology

Instructors with hamogencous sections were advised to provide ample
drill for low sections and enrichment material for high sections.
Instructors with heterogeneous sections were advised to use stronger
students to help weaker students in their classes. As is custamary in
core math courses, instructors were given wide personal latitude; no
attempt was made to ingure that the given advice was acted upon.

To minimize reactive effects which might contaminate measurements,
a low profile was maintained for the experiment. Just prior to the
experiment, instructors were told that an cxperimental study on effects
of hamogeneous and heterogeneous sectioning would be conducted in
Math 132. Thereafteor, no further mention was made of the experiment

TRt




until after the oconclusion of Math 132. All comparative data were
acquired from saurces normally available in core math courses. That

is, no measurements unique to the experiment which might have heightened
awareness of the experiment and perturbed outcames weremade during the
experiment, Data were accumulated by an independent investigator
outside Math 132, No camwparative analyses were performed until all
data were acquired. Without prior knowledge that an experiment was
underway, one would not have detected that fact fram day-to-day observa-
tions in Math 132,

Several dependent variables were analyzed in the study to minimize
the possibility that effects of educational or administrative importance
might escape detection. Dependent variables included math achievavent,
fail rate, cadet out-of-class stuly time, EI workload and instructor
opinion.




Chapter III
ANALYSES AND RESULTS

In this chapter, the measurement and analysis procedures and the
results for each dependent variable are described separately.

Math Achievement

Two dependent variables for math achievement were employed in the
study: (1) total Math 132 percent score which was the sum of 32 quiz
socores (33% of total), 3 graded review scores (35%), one final exam (29%),
and 100 instructor prerogative points (3%); and (2) Math 132 final exam
score. The first variable, while more cawprehensive, was subject to
contamination by factors other than achievement. For example, the
allocation of instructor prerogative points may have been based on other

criteria than achievement. The second variable was invulnerable to such
ocontaminants because final exams were standardized in content and admin-
istration and were team-graded. It turned out that measurements on

either variable led to precisely the same results. Therefore, only the
results on total Math 132 percent score are included in this report.

Math 132 percent score was treated as the dependent variable in two
modes of statistical analysis, analysis of variance (ANOVA) and regression
analysis.

Analysis of Variance (ANOVA)

Analysis of variance is a statistical technique in which the total
variation in values of a dependent variable is partitioned, and camponents
of the variation are ascribed to each independent variable under test
for significance on the dependent variable?. An ANOVA was conducted on
857 cases in a factorial design with three independent variables: treat-
ment, cadet aptitude and instructor experience. There were two levels of
treatment, homogeneous sectioning and heterogeneous sectioning. There
were three levels of aptitude; low corresponding to Math 131 percent

- cme e ey

scores <72.6, medium, corresponding to scores 272.6 but <80.5 and high

2For a detailed discussion of ANOWA see G.V. Glass and J.C. Stanley,
Statistical Methods in Education and Psychology, Prentice-Hall, 1970,
pp 338-380.
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corresponding to scores 280.5, These particular divisions were chosen
solely to obtain nearly equal cell frequencies in the ANOVA. There

were two levels of instructor experience; inexperienced which was
synonymous with level 1 in Table 1 and experienced which was an aggregate
of levels 2 and 3 in Table 1. Levels 2 and 3 were cawbined solely to
obtain nearly equal cell frequencies in the ANOVA. In the ANOVA,
instructor experience level was shown to have no significant effect on
cadet performance in Math 132 (see Tables B4 and BS, Appendix B). That
is, instructors with virtually no prior classroam teaching experience at
the USAFA produced indistinquishable performance results fram experienced
faculty. Similarly no significant interaction of instructor experience
with treatment or with cadet aptitude level was detected (see Tables B4
and BS, Apperdix B). Furthermore, no three-way interaction of the three
factors was detectrd (see Tables B4 and B5, Appendix B).

As a result of the ANOVA described in the previous raragraph, the
instructor experience factor was collapsed in the design and effects of
treatment and cadet aptitude were re~-anhalyzed in a two-way factorial
ANOVA to increase statistical power. Cell means, standard deviations and
cell frequencies are shown in Table 2. Detailed ANOWA results are shown
in Table 3.

Table 2. Cell Statistics of Math 132 Percent Scores

Cadet
Aptitude
Treatment Level Mean Std Dev Freq
Homogeneous 79.1 10.8
Sectioning
Low 69.2 9.1 141
Medium 79.8 7.3 147
High 88.3 5.7 141
Heterogeneous 78.6 10.3
Sectioning
Low 69.6 8.8 139
Medium 78.6 7.5 146
High 87.3 5.7 143
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Table 3. Two Factor ANOVA Results on Math 132 Percent Score

Source af MS F

Treatment (T) 1 78.3 1.41

Cadet Aptitude (A) 2 23896.8 429.04*

T x A 2 54,5 .98

Residual 851 55.7 ,

*p<.001 f
:

Salient results fram Tables 2 and 3 are as follows: ,

1. Mean Math 132 percent scores of the homogeneously and hetero- ¥
geneously sectioned cadets were not statistically different at even the :
.8 confidence level.

2. Cadet aptitude, as measured by Math 131 percent socore, had a
strong effect on Math 132 performance in both sectioning schemes.

3. Aptitude-treatment interact.... .as not significant at even the
.8 confidence level. This is an important result since it was widely
hypothesized that heterogeneous sectioning would "help" weak students
but would "hurt" strong students. An aptitude treatment interaction
diagram is illustrated in Figure 1. A slight effect in support of the
hypothesis is abservable due to the high maynification of the vertical
scale. However, this effect is weak; the probability that the effect is
due to chance is .38, about two in five.

Certain other results were obtained in ancillary analyses of variance:

4. Period of the day was not a significant factor affecting Math
132 performance in either sectioning scheme.

5. 1t was hypothesized that the performance of a class section might
be enhanced by labeling it "A" and depressed by labeling it "F." A i
specific test for effect of labeling was built into the experimental
design. The test produced a null result. Labeling sections as "A,"
"B," or "C" as oontrasted with "D," "E," or "F" had no detectable effect
on Math 132 performance.

t
&
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Figure 1. Aptitude-Treatment Interaction Diagram
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Regression Amlysis
TO vorify the ANWA results, Math 1312 achicowaent data were re-
4 amalyaad via maltiple raressian procedures. While the tundamental
statistical assumptiong underlying regression analysis and amalysis of
ariame are the same, the prablam is fomulated in ditferent ways and

difterent computational tedhnigues are oprloyad,. Roagression amalysis,

therefore, prwvidad a cnoas~check of the ANWA results,
J ™e tollawing linear ogression madel was assuned:

L - " h Lo
MY - 1‘0 + “11 + 112.\ Ry aAxm

whete
ML s the pradicted Math 13D pervent score

T s traatmont and has value O 100 homogohoons sect ionim
Aarkd 1 tor hotongonass . sect iontng

A

.

2 Math 131 percont soore and

AXNT s the prodduct of A and T
The model attompts o predict Math 130 saores tnm tyvpe of soctionim
(troatment ), Math 131 scovte (aptitade) and the apt ituade-treatment
interaction temm (A X Y. !\1, R,, and By are the respective tanession
awefficionts, “0 13 a anstant. In the tagroasion analyeaes, \\(,, “1'
“_" and B, are cdhiosen o give the "laast squares” bost it o the
awertad Math 12 penvent scores,. Results of the taaession analvsis

are shown an tabte d.

Table 4. Multiple Rogtession Results

Tnvdopondent Rearession ,PN.“““
Lo S . variamnce
Variable Goetfficiont (R) 1 . .
e I | . Explained
Traatment (M ¢ 04 1 A
Aptitude (A) 1.10% S K70
ANXT ~. 10 3 A

anstant PR\ \

0 SEPRATAD
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Using this model, 57.3% of the variance in Math 132 percent scores can
be explained. However, 57% of the variance is explained by the aptitude

variable. The probability that 82 is significantly different fram zero
is >.999. On the other hand, neither B; nor By differs significantly
fram zero. Thus aptitude is the only significant predictor of Math 132
performance. Graphically, this can be seen from the following analysis
in which the two regression lines suggested by the above model are
campared.

The above model reduces to

M132' = Bo + BZA = -4.80 + 1.10 M131

for homogeneous sectioning and

M132' = Bo + Bl + (132 + B3)A = 1.84 + 1.00 M131

for heterogeneous sectioning. These two lines are graphed in Figure 2.
Low aptitude callit® did slightly better under heterogeheous sectioning
and high aptitude cadets under hamogeneous sectioning but this effect
was very weak and very likely due to chance. Conclusions drawn fram
Figure 2 are the same as those drawn fram Figure 1.

100 ¢
L 90 homogeneous - 777 heterogeneous
-
[+ 1
N
™
- 70
) 1
8

60 1

T__J ,L - i - 4 Y
60 70 80 90 100
Math 131 %
12 Figure 2. Regression Lines for Hamogeneous and Heterogeneous
Sectioning




Arother linear regression mxiel incorporating period of the day and

instructor experience level as additional independent variables was
investigated. Neither variable contributed significantly to the explained
variance.

All strengths of effects determined in the regression analysis
were in camplete agreement with results of the analysis of variance.

Fail Rate

Fail rate is defined as the percent of students who took the final
exam that received an F oourse grade. The Math 132 fail rate in
hamogeneous sectians was 5.1%. In heterogencous sections the fail rate
was 4.7%. For all practical purposes, the fail rates were the same in
both treatments.

Cadet Study Time

Self-reported out-of-class study times of hamogeneocusly and hetero-
geneously sectionaed cadets were compared to detect any difference in
level of cadet effort attributable to treatment. The typical study time
measurement method in core math courses is to regquest anonmymous reporting
of preparation time on a form circulated in the class section. Such
forms are distributed without prior announcement to randamly selected
sections on randomly selected lessons. Many possible sources of
invalidity can be identified in this measurement method. For exanple,
the operational definition of out-of-class study time is not standardized
awong cadets and they may report based on different definitions. Other
measurement deficiencies cloud results of the treatment comparison. For
examwple, the sapling scheame was not stratified on the all-important
aptitude variable; the relative proportions of high and low aptitude
cadets that were sampled differed drastically between treatments.

Hamogeneous sections were sampled 84 times and heterogeneous sections
were sanpled 82 times. Based on these data, the mean study time per
cadet per lesson was 54.5 and 53.7 minutes respectively in the hamogeneous
and heterogenecus treatments. For all practical puaiposes, there was no
difference in mean study time per lesson.
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Extra Instruction

The total time expended in extra instruction (EI) was campared between
treatments as one indicator of instructor workload. Upon campletion of
an EI session each instructor gave each cadet an EI slip on which to
report nuwer of minutes of EI received. Each cadet was directed to
deposit the slip in a designated container in the math department office.
Total EI time was computed fram the slips. While several possible sources
of invalidity in this measurement method are identifiable, none of these
contribute to systematic difference between treatments.

Total EI times reported in the hamogeneocus and heterogeneocus treat-
ments were respectively 260.4 and 259.2 hours. Strikingly, the difference
was only 68 minutes in 260 hours. For all practical purposes, the same
amount of EI was administered in both treatments.

Instructor Opinien

To assess instructor opinion regarding hamogeneous and heterogeneous
sectioning, a pretreatment survey was administered one month prior to
the start of the experiment and a post-treatment survey was administered
one month after the experiment's conclusion. Sample survey forms are
included as Appendix C. For purposes of analyzing instructor opinion,
instructors were categorized in the three experience levels of Table 1.

The pretreatment survey was used primarily to balance instructor
forces between treatments. This survey was not administered to instructors
at experience level 1. By the time of the post-treatment survey all
instructors assigned heterogeneous sections in the experiment had acquired
same experience with hamogeneous sectioning. Unfortunately, some
instructors assigned hamogeneous sections in the experiment had not
acquired any experience with heterogeneous sectioning.

Twenty-three instructors responded to the first nine items on the
post-treatment survey according to the scale at the top of Table 5.
Survey items and mean responses are also shown in Table 5. The strongest
opinion on these items was that hamogeneous sectioning provides better
learning conditions for cadets of high math aptitude.

14
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Table 5. Mean Responses to Post-Treatment Survey Iltems

Hamogeneous Sectioning Heterogeneous Sectioning

-2 -1 0 +1 +2
R A A A A 1
Strong Moderate No Moderate Strong

Opinion Opinion Difference Opinion Opinion

Ttem Mean Response
Which provides better learnin; conditions for:

1. Cadets of low math aptitude? 0.00

2. Cadets of intermediate math aptitude? -0.04

3. Cadets of high math aptitude? -1.22

4. The majority of cadets? -0.13

S. In which type of sectioning is the instructor's +0.35

job more difficult?
Which type of sectioning produces:

6. More interaction between cadets in class? +0.52

7. The higher FI load? -0.26

8. The lower overall instructor workload? 0.00

9. In which type of sectioning would you rather teach -0.17
core math?

As can be seen in Figures 1 and 2, achievement data do not provide com-
pelling support for this opinion. Weaker opinions were that hetercgeneous
sectioning produces more interaction between cadets in class (item 6),

that the instructor's job is more difficult in heterogeneous sections

(item 5), and that the EI load is heavier in hamogeneous sections (item 7).
As has been seen, this last opinion is not supported by EI data. Responses
different from zero on every item but item 3 were close enouwgh to zero

to allow substantial possibility that they were chance fluctuations.

As a group, lewvel 2 instructors in both treatments tended to favor
hamogeneous sectioning in their survey responses. Since more level 2
instructors than level 1 or level (0 instructors completed the survey,
mean responses may have been slightly biased toward hamogeneous sectioning
due to the disproportionately large number of exXperienced instructors
surveyed. Level 1 instructors as a group tended to favor heterogenecus
sectioning. Level 0 instructors were about evenly split.
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Item 9 in Table 5 was investigated in more detail. Since all level 1
and 2 instructors were asked, Which type of sectioning would you prefer
for Math 132: (a) homogeneous, (b) undecided, or (c) heterogeneous? oOn
the pretreatment survey, it was possible to evaluate changes in
preference at these experience levels. Results are shown in Figure 3.

Preferred Type Before After
of Sectioning riment Experiment
Hamogeneous . =
SN S
Experience Level

Undecided or E —
No Preference :‘ 2

1

0
1
Heterogeneous [/////////]

Frequency

Figure 3. Changes in Sectioning Preference

Sectioning preference of level 2 instructors was not changed by the
experiment except that one undecided instructor before opted for hetero-
geneous sectioning after the experiment. Three level 1 instructors
changed their preference fram hamogeneous to heterogeneous sectioning.
Three level 0 instructors opted for homogeneous sectioning and four for
heterogeneous sectioning. The overall effect of the experiment was to
swing preference toward heterogeneous sectioning.

A final item on the post treatment questionnaire was: Which policy
would you recommend to the Department Head for core math courses:
(a) use heterogeneous sectioning only, (b) use homogeneous sectioning,

(c) let individual course directors decide, or (d) other (explain)?

16




The response pattern is represented in Figure 4.

Use hamogeneous
sectioning only V////

Let individual course

directors decide Experience Level

Use heterogeneous
sectioning only

Use heterogeneous

sectioning for all but
highest studdiits -
(write in response)

§ I

3 4
—t v

S 1C
Frequency

o

Figure 4. Core Math Sectioning Policy Recammendations

Level 2 instructors continued their trend of preference for hamogeneous
sectioning on this item. Five level 1 and level 0 instructors chose
"other" and recamended heterogeneous sectioning for all but the highest
aptitude students. Therefore, for the rajority of cadets in core
mathematics, level 1 and level 0 instructors indicated a preference for
heterogeneous sectioning. Overall, the number of recommendations for
each type of sectioning are equal for all but the highest aptitude
students.
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Chapter IV
DISCUSSION AND CONCLUSIONS

In this chapter, the various measured outcames of the experiment are
interwoven to afford a camprehensive perspective of the effects of
hanogeneous and heterogenecus sectioning.

The primary result of the experiment is that no significant differences
attributable to hamogeneous or heterogeneous sectioning were observed on
any dependent variables measured on interval scales. Often this finding
in educational experiments can be attributed to poor design ¢: methodology.
The effect of most flaws in balanced experiments is to enhance the
probability of finding no significant differences. Flaws tend to mask
actual treatment differences. While no experiment is absolutely flawless,
flaws in this experiment were sufficiently minor to preclude masking of
treatment differences of sufficient magnitude to be of any practical
educational or administrative importance. In the H2 experiment, the
conduct of large hamogeneously and hetezrogeneously sectioned core math
courses was well-simulated, oconfounding variables were controlled in a
carefully balanced design, sample sizes were large, and the classic
sources of internal invalidity3 were minimized. For practical purposes,
no difference in math achievement, fail rate, cadet study time, or FI
workload can be attributed to the difference between hamogeneous and
heterogeneous sectioning.

One rather important result arising from the Math 132 scores is that
math achievement seemed very insensitive to instructor experience. This
result emerged in several ways. First, no achievement difference was
attributable to the difference in instructor experience levels, i.e.,
after accounting for cadet aptitude differences, cadet achievament under
experienced instructors was indistinguishable fram achievement under
inexperienced instructors. Second, no experience-treatment interaction
was observed., Since the preponderance of instructor experience going
into the experiment was with hamogeneous sectioning, this experience

3For a detailed discussion of internal validity see D.T. Campbell, J.C.

Stanley, Experimental and Quasi-experimental Designs for Research, Rand
McNally, 1963, pp 1-17.
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might have been expected to increment achievament under hamogencous
sectioning. In particular, hamogeneously sectioned high aptitude cadets
might have been oxpected to score higher under senior faculty than their
peers of the same aptitude who were assigned differently, but this was
mot the case. Third, if the instructor's performance on any given
lesson is improved by experience with succeeding class scections, i.co.,

if the instructor does a better jab with his second class of the day than
with his first, there is no evidence ih the results of this study that
such improvement made any significant difference in cadet achievement.
Individual instructors may enhance the achiovement of sawe cadets (and
dopress the achicevement of others) but there is no evidenoe that the
individual instructor has any significant effect on math achievement of
cadets when viewoed macroscopically or as a qroup.  If there are variables,
other than cadet aptitude, which systamatically affect the mean level of
achievanent in core math courses, t' ~ariables lie outside the control
of individual instructors. They may also lie outside the caontrol of
course directors and even outside the control of the Department of
Mathematical Sciences. This is a very tfruitful area for further study.

A very widely belioved hypothesis was that hamogencous sectioning
benefits the better math students. The stranxgth of this belief is
apparent in the response to item 3 of the instructor opinion survey (see
Table 5) and in the frequency of the recanmondation for heterogencous
sectioning for all but the highest students (see Figure 4). tHowever, this
hypothesis was not substantiated by the achievement data; the mean
achievement of high aptitude students was slightly higher but not
significantly higher under hamogeneous sectioning. The dif ference was
small enough to be attributable to measurcment noise. Similarly, low
aptitude students performed slightly better in heterogencous sections
but the difference was not significant.,

As can be seen fram Figures 3 and 4, the majority of senior faculty
(level 2) preferred hamogeneous sectioning before and after the
experiment and recommended homogeneons sectioning only as departmental

policy on core math sectioning. The majority of other faculty (levels

10
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1 and 0) preferred heteorogencous sectioning after the experiment amd
recamended a department policy ot her than hamgeneous sectioning only.

It may suffice to sinply remark that "old heads" seomed to favor
hanoxyeneous sectioning distinctly more than less experienced faculty
and let it go at that. But in a broad sense, the charter of the 112
study was not morely to make measurements and report results, it was to
provide the most conprehensive perspective possible for sound educational
policy regarding mode of sectioning. In light of the achievament results,
why be concerned with faculty opinion or preference? The reason is
that reosults of educational oxperiments do not generally enjoy the
same credibility as results of experiments in the physical sciences. At
the USAFA as in other institutions, educational policy decisions are
often based on opinion, intuition, personal experience or samne othor
basis than adbjective measurement. The senior faculty exert the most
influence of any gqragp in establishing, maintaining or altering educa-
tional policy within the institution and their opinions, oven their
preferences, could be crucial in the ultimate deten ination of sectioning
policy. Therefore, if the collective opinion or preference of the senior
faculty differs fram the remainder of the faculty, the cagywchensivencss
of the perspective is cnhanced not only by acknowledgqing this dif ference
but also by inquiring into the reasons for it. Such an inquiry, conductad
a posteriori, unfortunately requires conjecture. Howewver, a further
research effort to substitute facts for conjecture could be conductad.

One possibility is that the effect of experience in the USAFA is to
oventually convince the faculty member that hanogeneous sectioning is the
superior mxie here. Senior faculty could then be expectad to hold fairvly
strong convictions favoring the haagencous mode.  Their mean response
to item 4 in Table % might then also be expected to have a substantial
negative value, say -1. But the mean response of level 2 instructors on
item 4 was only -0.11 indicating that these officers did not necessarily
think that hamogeneous sectioning was botter, theu just preferred it.
Perhaps we just prefer those situations with which we are most familiarv.




The evidence fram the comparison of pretreatment and post-treatment
preference is that the net change in preference was in the direction of
increased preference for heterogeneous sectioning. Perhaps if hetero-
geneous sectioning became more familiar, it would be more widely preferred.
Perhaps if the two modes coexisted freely, a majority of faculty might
even prefer heterogeneous sectioning within a few years.

Is there a relationship between sectioning preference and aptitude
stratum of sections taught? Do senior faculty who prefer hamogeneous
sectioning usually teach high aptitude (A) sections? To explore the
above possibility further during the writing of this report, a brief
poll was taken of the seven DFMS faculty in the rank of Lieutenant Colonel
and above. These were not the same officers as the level 2 instructors in
the experiment. When asked item 9 in Table 5, three strongly preferred
hamogeneous sectioning, two moderately preferred it, and two moderately
preferred heterogeneous sectioning. "n +he scale of Table 5, the mean

response was -0.86 indicating, as in the initial H2 study, a definite
preference for hamogeneous sectioning. These same officers were also
queried to detemine the aptitude lewvel of sections they were teaching
or had most recently taught in large core math courses in which there
were at least five sections per hour (a,B,C,D,E). Of the five senior
faculty who had taught in such courses in recent semesters, three had A
sections only, one had A and C sections and one had D and E sections.

Of these five instructors, only the one who had D and E sections preferred
heterogeneous sectioning. It seems quite likely that if the teaching
assigmments of senior faculty were distributed uniformly over the entire
aptitude spectrum, their preference for homogeneous sectioning would
diminish sharply.

Recammendation
The ensuing recammendation is based on the axiam that educational

policy should only prescribe or preclude specific practices when such

prescriptions or preclusions clearly pramote the highest attainment of
the goals of the USAFA program. Under this axiam, faculty are minimally
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constrained and the academic environment is conducive to creative
innovation, a spirit of inquiry, and other vital ingredients in the
pursuit of educational excellence.

The purpose of the H2 experiment was to get the facts on the relative
merits of hawgeneous and heterogeneous sectioning in core mathematics.
The facts are these: within the limitations of this experiment and the
methods of measuring outcames, no difference in any educatiocnally
important outcame is attributable to the difference between hamogenecus
and heterogeneous sectioning.

In situations in which an experimental cawparison is conducted to
establish a policy where none previously existed, the null result suggests

maintenance of the status quo. In the present situation, a policy existed
before the experiment: to require hamogeneous sectioning in core mathe-
matics courses. In this case, the null result does not suggest main-
tenance of the status quo. No evidence to support the present policy was
discovered. The present policy is not consistent with the results of

the experiment under the above axiam. Therefore, it is recamended that
core math course directors be allowed to choose freely between homo-
genecus and heterogeneous modes of sectioning.
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Appendix A

PLAN FOR THE 132 H2 EXPERIMENT

Experimental Objectives. The overall experimental objective is to
coliect and analyze data fram the Spring 1979 offering of Math 132 that
will enable DFMS management to determine whether heterogeneous or hamo~
geneous sectioning is more desirable for applicable portions of the
core mathematics program. The experiment is to be designed in such a
way that interference in course operations will be minimal. At the
same time, the methodology will be as sound as possible and no data
that are readily accessible and that could be used to analyze our edu-
cational process will be overlooked.

Assignment of Hours. Math 132 will be offered each of the seven
periods on an every day basis. Periods 1, 5 and 7 will be split; that
is, both hamogeneous and heterogeneous sections will be taught these
hours. The reasons to split hours are: (1) it is hypothesized that
these hours have special hour effects (sleepiness in 1 and 5 ard no
athletes in 7). This experimental design will allow us to remove this
potential effect as well as test for its existence. (2) The split
hours will allow assigrment of instructors without having instructors
cross treatments. Of the remaining four periods, two will be assigned
to each treatment in such a way as to achieve aptitude equivalence
between treatment groups.

Assigrnment of Instructors. Instructors will be assigned randomly to
balance experience across treatments. Insofar as possible, instructors
will not cross treatments.

Data To Be Collected. (1) Normal grade information; (2) cadet attitu-
dinal survey; (3) instructor attitudinal survey; and (4) EI data.

Criteria To Be Used. (1) Group means; (2) group failure rates; (3) strata
means; and (4) any other meaningful criteria that can be constructed

from the data collected. Specification of criteria will precede any

data analysis.

Course Operation. All guidance will came from the course director on
how sections are to be treated. Policy will be that normally pramlgated
during a similar course, and will be made separately for the two treat-~
ments when appropriate.

Sectioning Cadets. DFSCS will section all cadets on a hamogeneous
basis using 131/131X numerical grade as the sectioning criteria. DFMS
will resection the split and heterogenecus hours.

Aptitude~Treatment Interaction. After initial sectioning has been
accamplished, treatment groups will be investigated and altered as
necessary to ensure equal aptitude profiles (as measured by 131/131X
grade) for each.
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Data Processing Requirements. One man will be designated, upon approval
of this plan, to be responsible for all data processing associated with
the experiment. Work will start inmmediately creating files, planning,
developing, ard testing programs to be used in the experiment. Work-
load credit (research) in the spring semester will be given to the man
charged with the data processing responsibility.

T

Data Access. All participants in this experiment, as listed in
Responsibilities below, will have access to the experimental data for
further exploratory work.

Responsibilities.,

Coordinator: LtCol J.D. Sherman

Educational Aspects: Dr. Hassett

Maj Thampson
Capt Webster

Statistical “spocts: Dr. Hassett
LtCol Epper
Maj Mitchell
Maj Thampson

Data Processing: Capt Coffin
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Appendix B
SUPPORTING ANALYSES

‘ Table Bl. M132/M131 Score by Treatment by Period
Treatment Period Mean Std Dev Freq
Hamogeneous 79.1/76.2 10.8/7.6 429

1 79.2/76.3 11.8/7.4 59
2 79.7/77.0 10.3/7.3 125
5 79.3/76.7 10.1/6.8 71
6 78.7/75.6 11.,5/8.2 117
7 78.4/74.7 10.5/7.7 57
Heterogeneous 78.6/76.3 10.3/7.6 428
1 80.0/76.5 9.9/6.9 S5
3 79.0/76.6 11.1/7.9 123
4 78.9/75.6 9.7/7.8 113
) 78.4/77.1 9.8/7.2 73
7 76.3/75.5 10.6/7.5 64
Table B2, ANOVA for Period Fffects on M131 Score
Source daf MS F
Period 6 69.3 0.3
Residual 850 57.2

Table B3. ANOOWA for Period Effects on M132 Score
with M131 Score as Covariate
Source gg Ms F
Period 6 40.3 0.8
. M131 1 54481.7 1138.2*
{ Residual 849 47.9
co "
! p~.001
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Table B4, Cell Statistics for Instructor Experience Analysis

Cadet Instructor
Aptitude Experience std
Treatment Level Level Mean Dev Freg
Hamogeneous Low Inexp 69.7 9.4 92
Exp 68.4 8.7 49
Medium Inexp 79.5 7.7 105
Exp 80.5 6.4 42
High Inexp 87.4 5.1 56
Exp 88.9 6.0 85
Heterogeneous Low Inexp 69.6 8.4 85
Exp 69.6 9.3 54
Medium Inexp 78.5 7.6 88
Exp 78.7 7.4 58
High Inexp 87.1 5.7 83
Exp 87.6 5.9 60

Table B5. ANOVA for Instructor Experience Effects on M132 Score

Source

Treatment (T)
Cadet Aptitude (A)
Experience (E)
TxA

Tx E

AXE

TxAXE
Residual

af
1
2
1
2
1
2
2

845

MS

77.6

23476.5

18.1
54.1
2.3
44.2
26.4
4374.6

F
1.4

419.9*

0.3
1.0
0.0
0.8

.5

*
p<.001
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Appendix C
OPINION SURVEY FORMS

Instructor Assignment Questionnaire (Pretreatment)
TO:

You are scheduled to teach sections of Math 132 daily in the Spring '
1979 semester. An experiment to detemine the relative merits of ¥
hamogeneous and heterogenecus sectioning in Math 132 will be conducted

in the Spring semester. Half the Math 132 cadet population will be homo-
geneously sectioned and half heterogencously sectioned. Results fram
questions 1,2,3, and 7 will be used to balance the instructor forces
assigned to each sectioning treatment. Results from questions 4,5,6,

and 8 will be used to satisfy individual preferences insofar as possible.
Of course, it may be impossible to satisfy every instructor's preferences.
Please camplete the questionnaire and return it to my box NLT 1630, & Dec.

o N5 SATOR AU, By

1. How many times have you previously .
taught Math 1327 0 1 2 3 or more

2. How recently have you taught Math 13272

3. If you will perform flying duties during the Spring 1979 semester,
indicate what hours would interfere most with your flying schedule.
If none, so state.

4. Indicate the specific periods that are your first preference for the
above nunber of Math 132 class sections.

Periad 1 2 3 4 5 6 7
5. Indicate the specific periads that are youwr second preference for
the above number of Math 132 class sections.,

Period 1 2 3 4 S 6 7
6. Indicate the specific periods that you prefer not to be scheduled
for the above number of Math 132 class sections.

Period 1 2 3 4 5 6 7

7. Which type of sectioning would you prefer for Math 132?

(a) hamogeneous (b) undecided (c) heterogeneous
8. In the event that you are scheduled for hamogeneous sections, what
cadet aptitude levels would you prefer to teach?

A B C D E F G H
(highest) (lowest)
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Instructor Opinion Survey (Post-treatment)

Homogeneous Sectioning ~ aptitude variance within each section is small,
Math 131X. Half of Math 132, and Math 133 were hamogencously soctioned.

Heterogeneous Sectioning - aptitude variance within each section is lawge.
Math 131, and half of Math 132 were heterogeneocusly sectioned.

Hamogeneous Sectiaoning Heterogeneous Sectioning
=2 -1 0 +1 +2
strong moderate no moderate strong
opinion opinion di fference opinion opinion

Express your (numerical) strength of opinion to the followingy questions
using the above scale. For example, if you strongly believe that homo-
geneous sectioning is better for cadets of low math aptitude, recond a
"-2" for the first question,

which provides better learning conditions for:
1. Cadets of low math aptitude?
2. Cadets of intermediate math aptitude?
3. Cadets of high math aptitude?
4. The majority ot cadets?
In questions 5 through 9, consider the whole spoctrnm of hamageneous

sections. Do not answer with specific reference to "A" sectians of "H" sections.

5. In which type of sectioning is the instructar's iab more difficult?

6. Which type of sectioning produces more interaction between cadets in
class?

7. Which type of sectioning produces the higher EI load?

8. Which type of sectioning produces the lower overall instructor
workload?

9. In which type of sectioning would you rather teach core math?

10. which policy would you recamend to the Department Head for core math
ocourses?

a. Use heterogeneous sectioning only.

b. Use hamogeneous section only.

c. Let individual course directors choose type of sectioning.
d. Other. (explain)

11. Camments about sectioning needing amplification or not covered ly
survey items.
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